Abstract Eight compounds were isolated from the roots of Garcinia polyantha, and identified. Two of them, the xanthone garciniaxanthone I (1), and the triterpene, named garcinane (2), are reported as new natural products. The structures of the new compounds were elucidated on the basis of 1D and 2D NMR spectroscopic studies. The structure of compound 1 was confirmed by Xray crystallography. Among the remaining six known compounds, three were known xanthones [smeathxanthone A (3), smeathxanthone B (4), and chefouxanthone (5)], one benzophenone [isoxanthochymol (6)], one triterpene [magnificol], and one sterol [b -sitosterol]. The in vitro antimalarial activity of isoxanthochymol (6) against Plasmodium falciparum shows strong chemosuppression of parasitic growth.
Introduction
The genus Garcinia of the Guttiferae family is well known to be a rich source of bioactive prenylated xanthones [1ϳ3], triterpenes [4] , and benzophenones [5, 6] . In continuation of our search for bioactive substances from polarimeter. Column chromatography (CC) was carried out on silica gel 60 F 254 (Merck) and silica 100 respectively. Precoated plates of silica gel 60 GF 254 were used for analytical purposes and the spots were detected with a UV lamp at 254 and 366 nm and by spraying with 50% H 2 SO 4 or ceric sulfate followed by heating.
Plant Material
The roots of Garcinia polyantha were collected at Mt Kala, Central Province, Cameroon in August 2003, and identified by Mr. Nana Victor of the Cameroon National Herbarium (Yaoundé), where a voucher specimen (21337/SRF/ Cam/Mt Kala) was deposited.
Extraction and Isolation
Air dried root bark of G. polyantha (5.2 kg) was extracted with MeOH at room temperature for two days. The extract was concentrated at reduced pressure to yield 100 g of crude extract. The methanolic extract was first subjected to silica gel flash chromatography, eluting with hexaneEtOAc of increasing polarity to afford fractions (AϳD) and pure chefouxanthone (5, 73 mg) and isoxanthochymol (6, 1.2 g). Fractions A and B (2.3 g) were purified on a silica gel column with hexane -EtOAc with increasing order of polarity to yield magnificol (46 mg) and smeathxanthone B (4, 31 mg), respectively. Similarly, fraction C (5.4 g) was subjected to column chromatography (silica gel) eluting with hexane -EtOAc with increasing polarity to yield smeathxanthone A (3, 22 mg) and subfractions C 1 and C 2 . Subfraction C 1 (1.1 g) was further purified by column chromatography (silica gel) eluting with hexane -EtOAc to give garciniaxanthone I (1, 11 mg). Finally, subfraction C 2 (1.7 g) was chromatographed (silica gel) with hexaneEtOAc (7.8 : 2.2) yielding garcinane (2, 15 mg) and bsitosterol (28 mg). 3 , l ϭ0.71073 Å. Yellow prismatic crystal, size 0.20ϫ 0.08ϫ0.04 mm. Intensity data were measured on a Bruker-AXS SMART APEX CCD diffractometer. A total of 18152 reflections were collected to a maximum 2Q value of 55.7°a t 120(2) K. Data reduction and semi-empirical absorption correction from equivalents with the Bruker package [9] . The structure was solved by direct methods and refined by full matrix least-squares procedure [10] . The title compound crystallizes in the non-centrosymmetric space group P2 1 2 1 2 1 ; however, in the absence of significant anomalous scattering effects, the Flack parameter is essentially meaningless. Accordingly, Friedel pairs were merged. All non-hydrogen atoms were given anisotropic thermal parameters; hydrogen atoms were located from difference Fourier maps and refined at idealized positions riding on their parent atoms. The refinement converged at R1(IϾ2s (I))ϭ0.057, wR2 (all data)ϭ0.087 for 2764 independent reflections and 284 variables. Crystallographic data for the structure of 1 have been deposited with the Cambridge Crystallographic Data Center, deposition No. CCDC-680049. Data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
X-Ray Crystal Structure Analysis of Garciniaxanthone

Antimalarial Test
Compounds 1ϳ6 were dissolved in waterϩDMSO 0.02% v/v [11] . The compounds were administered over a period of four days to the culture and the number of parasites was determined daily. Control experiments were performed either without treatment or with administration of 0.032 mM chloroquine in the same solvent.
Culturing of Plasmodium falciparum NF54 Strain
Plasmodium falciparum isolate NF54 was maintained in small Petri dishes (5.0 cm) according to a protocol from Moloney [12] and Trager [13] in a gaseous phase of 90% N 2 , 5.0% CO 2 and 5.0% O 2 . Parasites were cultured in human erythrocytes (blood group A ϩ ) in RPM1640 medium (Sigma) supplemented with 25 m M HEPES, 20 mM sodium bicarbonate, and 10% heat inactivated human Aϩ plasma at 10% (v/v) hematocrit. The parasitemia of infected erythrocytes was determined by light microscopy and estimated by Giemsa-stained smears. Parasitemia detected in the cultures was scored visually with a 100-fold oil immersion objective, counting at least 1000 infected erythrocytes to determine the parasitemia.
Inhibitor Experiments by Monitoring Multiplication and Growth of Plasmodia
Cultures were adjusted to a parasitemia of 0.5%. Aliquots were diluted 1 : 10-fold in RPMI-medium, dispensed into 12-well microculture trays and incubated at 37°C in a candle jar. Thereafter, growth medium was changed once a day for four days and inhibitors were added to the media in a concentration of 10 mM as indicated. Each substance was analyzed in four independent wells of the microculture tray. Parasitemia was estimated as triplicates daily in each of the four independent wells from Giemsa-stained smears by counting 1000 erythrocytes. To determine the IC 50 values, we performed growth experiments with 10 mM, 5.0 mM and 2.5 m M of each compound. The data obtained in these experiments were computed into plots with linear regression analysis from y axis (inhibition %) to x axis (inhibitor concentration in mM) [14] .
Results and Discussion
Physico-chemical Properties
The physico-chemical properties of garciniaxanthone I (1) and garcinane (2) .
Structure Elucidation
Inspection of a part of the 1 H-NMR spectrum (see Experimental) of garciniaxanthone I (1) showed an AB spin system for aromatic type protons at Experimental) showed 24 signals, which could be attributed to four CH 3 , three CH 2 , five CH, and twelve quaternary carbons including seven oxygenated carbons, as evidenced by the respective DEPT spectra. The long range correlation (Fig.  2) between d 12.30 (1-OH) with C-1, C-2, and C-9a, and correlations of the signal at d 6.38 (H-2) with C-1, C-3, C-4 and C-9a, and that of a methoxy signal at d 3.90 (3-OCH 3 ) with C-3 allowed an unequivocal assignment of ring A in the xanthone moiety. In ring B, the correlation of the signal at d 11.33 (8-OH) with C-8, C-7 and C-8a; 7.24 (H-6) with C-6, C-7, C-8, and the signal at d 6.66 (H-7) with C-8, C-8a, (C-5) and C-5 established the free hydroxyl position at C-5 along with the other assignments of ring B. These data established the xanthone substructure of our compound 1 to be related to the xanthone bellidifolin [16] , however with a substituent at C-4.
The absence of carbon resonances below 90 ppm suggested the presence of a saturated C 10 side chain at C-4. From the twelve degrees of unsaturation, calculated from the formula of 1, ten were attributed to the xanthone nucleus and the other two to rings in the side chain. These two rings consist of a 7-oxo-[2.2.1]-system, as determined by 1 H-1 H COSY and HMBC spectroscopy (Fig. 2) . This was further confirmed by comparison of the NMR data with those of the 7-oxo-[2.2.1]-system in the related parvixanthone I [17] . The C-14/C-15/C-16 connectivity was deduced from the 1 Ellipsoids are drawn at the 50% probability level. monoterpenoid substitution in 1 was determined as a 7-oxo-[2.2.1]-system, which was linked to position C-4 of the xanthone nucleus, as indicated by the HMBC correlations between H-11/C-4,3,4a. Finally, the detailed structure and relative stereochemistry of 1 were confirmed unambiguously from single-crystal X-ray analysis (ORTEP drawing in Fig. 3 concluded that the OH groups at positions C-2 and C-3 must be equatorial, since the coupling constants of H-2 (J 2ax,1ax ϭ12.5, J 2ax,3ax ϭ10 Hz) and H-3 (J 3ax,2ax ϭ10 Hz) were consistent with axial configurations for both protons. The 2a,3b relative configuration was further confirmed by comparison of the 1 H-NMR coupling constants with those reported for related compounds [21, 22] . The hydrolysis of 2 with K 2 CO 3 in MeOH at room temperature afforded 2a -hydoxyerythrodiol [23] . Therefore, garcinane (2) was assigned as a new compound, 3b -O-acetyl-2a -hydroxyolean-12-en-28-ol.
Smeathxanthone A (3) and B (4) [3] , chefouxanthone (5) [24] , isoxanthochymol (6) [5] , magnificol [25] , and bsitosterol [26] were identified by comparison with published data.
Biological Activity
Compounds 1ϳ6 were tested against Plasmodium falciparum in vitro. Among these compounds, 6 showed good activity against Plasmodium falciparum in vitro and less so for compounds 1ϳ5. Compound 6 exhibited antimalarial activity with an IC 50 of 2.21 mM (Fig. 4) . This was lower than the IC 50 of the other five compounds, which ranged from 2.5ϳ4.1 mM.
In summary, the structure of a new xanthone (1) with the very rare cyclization of a geranyl residue to a 7-oxo-[2.2.1]-system was elucidated and confirmed by X-ray single crystal analysis. The entire set of prenylated xanthones 1 and 3ϳ6 showed a remarkable variety in attachment and cyclization modes of prenyl and geranyl side chains thus increasing the diversity of this class of plant metabolites. In addition, the in vitro activity against Plasmodium falciparum of isoxanthochymol (6) with an interesting bridged ring system was established. a Growth curves of P. falciparum strain NF54 after treatment with different concentrations of compound 6 are shown. Inhibitor treatment was started at a parasitemia of 0.5% and monitored for 96 hours.
